This study describes a concurrent occurrence of lower respiratory aspergillosis and pneumoconiosis in a turkey fl ock. From one fl ock of 1000 turkeys, 4 clinically affected turkeys were examined pathologically and microbiologically. Clinically affected turkeys showed anorexia, lethargy, drooping of the wing, vomiting, dyspnea and open-beak breathing, or sudden dead. Gross lesions were observed in the air sacs and lungs which presented white to yellowish granulomas of varying size. Microscopic there was multifocal granulomatous airsacculitis and pneumonia. At the center of the granulomas, fungal hyphae were clearly highlighted in the lungs and air sacs by Gomori methenamie silver (GMS) staining. In the microbiological cultivation of the affected lungs and air sacs, Aspergillus fumigatus was isolated on Sabouraud dextrose agar. Furthermore, dark black dust accumulations were present in the cytoplasm of macrophages or interstitial tissue in the lungs and air sacs. There were also fi brosis and lymphohistiocytic cell infi ltrations around the particles. Overall, this study could implicated that pneumoconiosis might be a predisposing factor in the development of respiratory aspergillosis in turkeys.
INTRODUCTION
Aspergillosis is a fungal disease caused by a member of the fungal genus Aspergillus that affects avian species, mammals and humans [1] [2] [3] . The disease may cause substantial economic losses in the poultry industry, in particular turkey breeding [2] . Aspergillosis is mostly caused by Aspergillus fumigatus in birds, but Aspergillus fl avus, Aspergillus niger, Aspergillus nidulans, and Aspergillus terreus have been isolated from domestic and wild birds [3] . Aspergillus fumigatus is a ubiquitous organism that is capable of living under extensive environmental stress. The growth of Aspergillus fumigatus on organic material results in the formation of numerous small conidia which can reach the lower respiratory system by inhalation [1, 2, 4 ]. An increase of fungal spores in the environment and the failure of the host defense system are the basis for the occurrence of aspergillosis [2, 4] . Clinically, the disease usually occurs in acute form in young birds with high morbidity and mortality, while it is chronic and sporadic in older avian species [1] [2] [3] . Aspergillosis has been reported in poultry such as chicken, turkey, goose, ostrich, duck [2, [5] [6] [7] [8] and wild birds [1, 3] .
Pneumoconiosis is an interstitial lung disease caused by inhalation of dust particles usually over a long term exposure [9] [10] [11] . Pneumoconiosis is also called occupational lung disease or coal workers' pneumoconiosis, is more common in humans than animals, because people work in a high risk mineral associated industry [12] [13] [14] [15] [16] . However, reports of pneumoconiosis have been described in domestic and wild mammals [17] [18] [19] . Pneumoconiosis has been reported in avian species such as kiwi, rhea, ostrich, touraco, swan, owl, crane, duck, eagle, pheasant in San Diago Zoo and Dhaka Zoological Park, and in hens [9, 10, [20] [21] [22] . However, the disease has not been reported in turkey which is an important species in poultry industry.
In humans, it has been well-documented that there is a relationship between pneumoconiosis and occurrence of aspergillosis. Binder et al., [12] have suggested that dust accumulation in the lungs causing fi brosis may have a role in the appearance of pulmonary aspergillosis. Moreover, some other researchers detected concurrent pulmonary aspergillosis and pneumoconiosis in humans, and stated a similar hypothesis [14] [15] [16] . To our knowledge, there is no report on concurrent respiratory aspergillosis and pneumoconiosis in animals. So, this study describes the fi rst study reporting the concurrent pulmonary and air sacs aspergillosis, and pneumoconiosis in turkeys.
MATERIALS AND METHODS
The material of this study consisted of 4 dead, 6 -month -old turkeys from a fl ock of 1000 birds. The birds were raised in free range farming. Feed and water were administrated by workers, not automatically. The mortality rate of this fl ock was approximately 25%. Only 4 dead birds were referred to the Department of Pathology, Faculty of Veterinary Medicine, University of Firat, for necropsy. The affected turkeys exhibited anorexia, lethargy, drooping of the wing, vomiting, dyspnea and open beak breathing, or sudden dead. Necropsy was performed in only 4 dead birds, and collected tissue samples were fi xed in 10% neutral buffered formalin, routinely processed, paraffi n embedded, sectioned at 5 μm thickness, and stained with hematoxylin and eosin, Grocott's methenamine silver (GMS), Ziehl-Neelsen, Prussian blue methods for histopathological examination. Sections were examined by light microscopy with and without the use of polarizing fi lters. For microbiological examinations, tissue samples were collected from the lungs and air sacs with lesions, and were examined microscopically for the presence of hyphae by placing a small portion of the nodule in 20 % KOH solution on a microscope slide. Also, the samples were plated on both standard medium agar and Sabouraud dextrose agars with and without antibiotics. The samples plated on Sabouraud dextrose agar were incubated at both 37°C and 25°C separately and were checked for colony growth twice a week. Slide cul ture was made for microscopical assessment and species identifi cation of colonies.
RESULTS
At necropsy, lungs and air sacs of four turkeys showed gross lesions, however more severe lesions were located in the air sacs. The thoracic and abdominal air sacs were covered with caseous material (Figure 1 ). There were white to yellowish granulomas ranging from 5 mm to 20 mm in the air sacs and the lungs. The nodules localized in the abdominal air sacs coalesced to form aggregate lesions in two cases. On the cut surfaces, the large nodules exhibited necrotic areas with a gray-greenish color. Serous atrophy of fat in the pericardium was seen in three turkeys. There were no remarkable gross lesions in the other organs. Histopathological evaluation revealed multifocal granulomas characterized by necrosis, infl ammatory cell infi ltrations of heterophils, macrophages, lymphocytes, giant cells and connective tissue proliferation in the lungs ( Figure 2 ) and the air sacs. In some areas, the granulomas enlarged and compressed the adjacent air vesicles alveoli. In addition, edema, hemorrhage and trombosis around the necrotic areas were found. Ziehl-Neelsen staining was negative for acid-fast bacilli in the lungs and air sacs in any case. Fungal hyphae were clearly highlighted in the lungs and air sacs by GMS stain (Figure 3) . In some sections, hyphae formed conidiophores and spores. Although there was no colony development on standard medium agar, growth was observed on Sabouraud dextrose agar at 37°C and 25°C. The colonies were velvety, blue-green, the colony sides were white while the colony ground was canary yellow in color. In microscopical examination, smooth, short and greenish conidiophores, with a single row phylia and conidia with columnar composition over this were seen.
By microscopical examination, black or dark brownish dust accumulation was also seen in many of the lungs and air sacs sections in these birds. In the lungs, particle aggregations showed multifocal distribution in the interstitial areas around the smooth muscle of the secondary and tertiary bronchioles, free or in the cytoplasm of the alveolar macrophages (Figure 4 ). In the air sacs, dust particles were localized in the submucosal connective tissue ( Figure 5 ). In addition, there were mononuclear cells infi ltration and connective tissue proliferation around the particles in the lungs and air sacs. The dust particles showed no staining with the Prussian blue staining method, but there was a birefringent appearance upon exposure to polarized light. 
DISCUSSION
This study describes the concurrent pulmonary and air sacs aspergillosis, and pneumoconiosis in turkeys. Aspergillus fumigatus and Aspergillus fl avus can cause respiratory disease. However, Aspergillus fumigatus has been mostly isolated during natural infections of poultry, and it causes a more severe respiratory disease than Aspergillus fl avus infections [1, 3] . In this study, Aspergillus fumigatus was isolated from the lungs and air sacs in turkeys. In this study, gross and histopathological fi ndings of aspergillosis in the lungs and air sacs were similar to those reported previously for various poultry species [2, 3, 6, 8] . It has been reported that the primary location of the lesions is the lower respiratory system even though other organs such as brain, heart, spleen, liver, kidney, skin may be involved [1, 2] . In the present study, a gray to greenish color on the cross section of the larger nodules in the air sacs was seen, and it has been reported that this fi nding may be a sign of fungal sporulation [2, 4] . The fi ndings of aspergillosis are non-specifi c [1, 3] . Therefore, the defi nitive diagnosis may be based on the isolation of A. fumigatus by culture and immunohistochemistry or by the detection of the organism using fungal histochemical stains such as periodic acidSchiff, GMS stainings during histological examination [1] [2] [3] [4] 6] . In the present study, numerous fungal hyphae were seen in the lungs and air sacs by GMS stain. Also, in Figure 5 . Photomicrograph of the thoracic air sac of a turkey showing black or dark brownish particles accumulation, free or within macrophages, and also mononuclear cells infi ltration, HE stain microbiological cultivation, Aspergillus fumigatus was isolated and identifi ed in the lung and air sacs.
Pneumoconiosis also known as dust lung is defi ned by pathological reactions that occur in the lungs exposed to air pollution in mammals [11, 13, 20] . The severity of the lesions depends on the type of inhaled dust and the intensity and period of exposure. Based on the histopathological changes in the lungs, pneumoconiosis has been subdivided as fi brotic or non-fi brotic [13, 18, 19, 23] . Pneumoconiosis in birds has been reported as rare cases, but no information is available about dust accumulation in the air sacs of avian due to naturally exposure. In the present study, multifocal fi brosis and mononuclear cells infi ltration around the mineral dusts were found in the lungs and air sacs of the turkeys. Experimental studies indicated that the deposition of inhaled particles depends on their size. Large particles are taken out in the upper respiratory tract, while small particles are accumulated throughout the lower respiratory system including air sacs [24, 25] . In an experimental study, Anderson et al. [28] examined the effects of dust and ammonia on the respiratory system of turkeys and found no pathological changes in most cases. It has been reported that pneumoconiosis in birds occurs related to air pollution such as housing in dusty, enclosed locations, and dust from city traffi c or nearby industrial facilities [9, 20, 22] . There was no industrial activity causing heavy air pollution in the region where this fl ock is located, and also the fl ock was far from the city traffi c. Detailed anamnesis indicated that both the fl ock and the houses in the vicinity were heated by coal stoves. In addition, the fl ock had a diesel generator as an alternative electrical source, and according to the information given by the poultry owner, the generator was used because of frequent power failures. So, smoke and dust from the coal stoves and the generator appear to cause pneoumoconiosis in these birds. Defi nitive diagnosis of dust particles must be based on mineralogical analysis of air samples from animals' environment and lung tissue samples. In the present study, the elemental composition of the dust was not analyzed. It has been reported that silicosis, siderosis and anthracosis are the most common causes of pneumoconiosis in avian species [9, [20] [21] [22] . Siderosis generally reacts positively with Prussian blue stain which was negative in the current study. The dust particles in the present study did not resemble silicosis, which is characterized by plate-like crystals [10, 14, 21] . From a histological point of view, the dust accumulation observed in the lung and air sacs in this study were consistent with the appearance of coal particle depositions previously reported [13, [17] [18] [19] .
Some researchers reported that there may be a relationship between pneumococciosis and some lung diseases such as pneumonia in sheep [18] , cattle [19] , camel [23] , and neoplasia in dogs [17] . Furthermore, Binder et al. [12] reported that severe pulmonary aspergillosis was seen in humans who have underlying lung diseases such as pneumoconiosis, chronic obstructive lung disease, a history of tuberculosis and long-term steroid treatment. In another study [16] , researchers tested A. fumigatus in sputum using polymerase chain reaction and reported that pneumococciosis may play an important role in the colonization of the respiratory tract with A. fumigatus. It has been reported that pneumoconiosis especially accompanied by pulmonary fi brosis, can disrupt the defense mechanism of the respiratory system, and thus, Aspergillus spp. may easily be colonized [14, 15] . Impaired immunity and inhalation of a considerable amount of spores are important risk factors in aspergillosis [1, 3, 14, 15] . In this study, with aspergillosis fi ndings, dust particles were seen in both the lungs and the air sacs in the turkeys, and it was seen that the dust particles caused the infl ammatory reaction in the lungs and air sacs. Moreover, lesions associated with aspergillosis in these birds were severe, and the mortality was about 25%. The presence of dust accumulation in the lungs and air sacs suggests that pneumoconiosis may be a preparatory reason in the development of aspergillosis in these birds. Iossifova et al., [14] reported that aspergillosis was the most common fungal disease among humans with pneumoconiosis.
In conclusion, this paper is the fi rst study reporting the concurrent lower respiratory aspergillosis and pneumococciosis in turkeys. The fi ndings of the study also suggest that pneumoconiosis caused fi brosis in the lower respiratory system may be an underlying reason for the occurrence of fungal infection in avian species as reported in humans.
